was confirmed by the hyperfine splitting of the Mößbauer spectra, the sizable anomalies in the specific heat capacity, and the kinks in the resistivity curves. The high-field paramagnetic susceptibilities fitted by the Curie-Weiss law show effective paramagnetic moments  eff  3.1  B /Fe in both compounds. The temperature dependence of the electrical resistivity also reveals metallic character of both compounds. Density functional calculations corroborate the metallic behaviour of both compounds and demonstrate the formation of a sizable local magnetic moment on the Fe-sites. They indicate the presence of both antiferro-and ferrromagnetic interactions.
Introduction
Transition-metal borides are remarkable for their physical, chemical and mechanical properties, in particular, combining refractory behavior, high hardness, chemical inertness, and metallic conductivity. [1] [2] [3] [4] [5] [6] [7] To exemplify a few well-known materials of high technological relevance, there are boridecontaining metallic glasses, 8 LaB 6 cathodes for electron microscopes, 9 and Nd 2 Fe 14 B-based permanent magnets. 10 On the other hand, soft magnetic properties particularly found in ferrous amorphous boron-containing alloys have led to several highly useful applications, such as electro-magnetic materials. 11, 12 The structural complexity of electron-deficient boron and its compounds is caused by the intricate ways how their valence requirements are satisfied. [13] [14] [15] Therefore, in metal-borides this not only gives rise to the formation of one-, two-, or three-dimensional arrangements of covalently bonded boron atoms, [16] [17] [18] [19] [20] [21] but also, due to complex structures, results in a multitude of physical interactions which can lead to superconductivity [22] [23] [24] [25] [26] or magnetism. [27] [28] [29] [30] [31] In a crystal structure, these interactions are governed by the spatial arrangement and coordination of the constituents which carry a magnetic moment. Accordingly, in borides phases with exotic and complex magnetic ground states can be expected and merit explorative research. To this purpose, we investigated the ternary TM-Fe-B (TM = Nb, Ta) systems which have been studied since 1960s. The hitherto known ternary compounds in these two systems are TMFeB, TM 2 The interest in the Kagome lattices of magnetic ions is triggered by their strongly frustrated nature. No ordered antiferromagnetic magnetic configuration can be stabilized in such a geometry, and an exotic spin-liquid ground state is formed instead. 36, 37 However, in order to suppress any ordering a two-dimensional isotropic next-neighbor coupling is the prerequisite. Systems with the Kagome-like arrangement of magnetic ions range from Cu 2+ minerals 38, 39 to Ce-based intermetallic compounds, 40 but only few of them reveal the anticipated spin-liquid state at low temperatures. [41] [42] [43] Even subtle geometrical distortions or interactions beyond nearest neighbors are usually sufficient to alleviate the frustration and stabilize the magnetic order. 44, 45 The majority of the kagome-lattice compounds reported so far are magnetic insulators. Kagome lattices in itinerant systems are by far more exotic, and no magnetic metals with the ideal kagome geometry have been reported to date. In the following, we fill this gap by investigating the TM 7 Fe 3 B 8 borides, where three-fold symmetry of the crystal structure ensures perfect frustration on individual triangles of the kagome lattice. However, these compounds are magnetically ordered with relatively high Néel temperatures. We suggest that strong interplane couplings arising from the geometrical proximity of the kagome planes may be instrumental in stabilizing the magnetically ordered state in these novel ternary Fecontaining borides.
Experimental section Sample preparation
The following elements were used to prepare the samples: Ta  and Nb 
Powder and single-crystal X-ray diffraction
Powder X-ray diffraction (XRD) data were collected on a HUBER G670 imaging plate Guinier camera equipped with Co K 1 radiation ( = 1.78897 Å). Phase analysis and indexing were performed using the WinXPow program package. 46 radiation,  = 0.71073 Å). Absorption correction was made using a multi-scan procedure. The crystal structures were solved by a direct phase determination method and refined by a full-matrix least-squares procedure within the program package WinCSD. 47 Details on the single-crystal diffraction data collection and structural refinement are listed in Table 1 .
Metallography
Pieces with several millimeters size were cut from the annealed samples for metallographic investigations. They were embedded in conductive resin and then subjected to a multistep grinding and polishing process to achieve highquality polished surfaces. The microstructures were investigated by optical microscopy (Axioplan2, Zeiss) as well as scanning electron microscopy (Philips XL 30 with a LaB 6 cathode, FEI). The chemical compositions were analyzed by means of energy dispersive X-ray spectroscopy (EDXS, Philips XL 30) and wavelength dispersive X-ray spectroscopy (WDXS, Cameca SX 100, W cathode, S-UTW-Si-(Li) detector). The determination of boron content by microprobe WDXS is challenging due to the general issue that the measured intensities are related to the mass concentrations, while boron is extremely light as compared to niobium, tantalum, and iron. Also, the very low energies of boron X-ray lines give rise to a strong influence of absorption effects. Therefore, completely detected intensities originating from the uppermost surface layer and its extending area are strongly influenced by the quality of the local area that is probed by the electron beam, and the energy and shape of the boron 
Transmission electron microscopy (TEM) observations
Electron diffraction and high-resolution TEM (HRTEM) observations were both performed using a field-emission electron microscope JEM 2100F (JEOL, Japan) operating at 200 kV. HRTEM image simulations were carried out with program STEM_CELL.
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Physical Properties
Magnetization at external magnetic fields  0 H ranging from 0.01 T to 7 T (temperature range 1.8 K-400 K) was measured in a SQUID magnetometer (MPMS XL-7, Quantum Design) on polycrystalline samples. The electrical resistance was recorded by a four contact method using low-frequency alternating current (ACT option, PPMS, Quantum Design) on small barshapes pieces in zero field and in a field  0 H = 9 T. Heat capacity was determined by a relaxation method (HC option, PPMS, Quantum Design) in fields  0 H of 0, 3, 6, and 9 T.
Mossbauer spectroscopy 57 Fe Mössbauer spectra were recorded at 294 K and 4.3 K. The measurements were performed with a standard constant acceleration spectrometer in transmission geometry in a continuous flow cryostat with the sample kept at helium atmosphere. The 57 CoRh source was mounted on the driving system and kept at room temperature. All center shift (CS) data are given relative to this source. Calibration of the velocity scale was carried out with α-Fe foils. The spectra were analysed by solving the full Hamiltonian including electrostatic and magnetic hyperfine interactions. Sample thickness was taken into account by the method of Mørup and Both.
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Electronic structure calculations
The electronic structure of TM 7 Fe 3 B 8 was calculated within the framework of density functional theory (DFT) using the fullpotential code FPLO. 52 The local density approximation (LDA)
to the exchange-correlation potential was chosen. 53 Reciprocal space was sampled by a fine k-mesh with 630 points in the symmetry-irreducible part of the first Brillouin zone for the crystallographic unit cell of TM 7 Fe 3 B 8 and 190 points for the supercell doubled along the c direction. Convergence with respect to the k-mesh was carefully checked. For the spinpolarized calculations, the highest crystallographic symmetry compatible with the magnetic ordering pattern was used in order to facilitate the convergence.
Chemical bonding analysis
Analysis of chemical bonding was performed for Nb 7 Fe 3 B 8 using the lattice parameters and atomic coordinates from the crystal structure refinement of single-crystal X-ray diffraction data (Tables 1 and 2 ). The TB-LMTO-ASA program package 54 was employed using the Barth-Hedin exchange potential 55 for the LDA calculations. The radial scalar-relativistic Dirac equation was solved to obtain the partial waves. 56 Addition of empty spheres was not necessary because the calculation within the atomic sphere approximation (ASA) includes corrections for the neglect of interstitial regions and partial waves of higher order. 57 The following radii of the atomic spheres were applied for the calculations r(Nb1) = 1. 
TEM investigation
The TEM study of Ta 7 Fe 3 B 8 confirmed the results of the crystal structure determined by the X-ray diffraction. The electron diffraction patterns along relevant zone axes are shown in Fig.  2 . All five patterns can be well indexed in a hexagonal primitive lattice with the cell parameters obtained from powder XRD diffraction (Table 1 ). There are no superstructure reflections or diffuse reflections characteristic for disorder. The atomic arrangement in the TM 7 Fe 3 B 8 structure determined from single crystal diffraction (as shown in Fig. 4a ) is proved by HRTEM observations (Fig. 3) . For the image along [100] (Fig. 3a) , the simulated image (the inset in Fig. 3a ) was calculated at defocus f = −40 nm and thickness t = 6.7 nm, in which the dark contrast mainly comes from the projection of Ta and Fe atoms. For the HRTEM image along [001] ( Fig.3b ; the inset shows the simulated image at a defocus f = −20 nm and thickness t = 6.6 nm), the bright spots are caused by the projection of Ta1 and Fe atoms. HRTEM images also reveal no extended defects in Ta (Fig. 4b) , this atomic pattern plays important role in the magnetic behavior of these materials (cf. below).
Physical Properties
Magnetic Properties: The analysis of the magnetic properties of both TM 7 Fe 3 B 8 compounds is hampered by the presence of ferromagnetic impurities with high Curie temperatures. Fig. 6a shows the magnetic moment  per formula unit (in Bohr magnetons  B ) for two low fields. for the Nb and ≈ 0.55  m for the Ta compound. While the former sample has an extraordinary large resistivity well above the Mott-Ioffe-Regel limit, the latter compound reaches only a value in the range typical for intermetallic compounds. For the Nb 7 Fe 3 B 8 a pronounced kink is visible at the magnetic transition. The kink at T N is weaker in the Ta compound. The derivatives d/dT indicate that for both compounds a contribution due to spin-disorder scattering of charge carriers is at work. Interestingly, the hump in d/dT of the Ta compound extends further to lower temperatures than that of Nb 7 Fe 3 B 8 . The high residual resistivities (RRR value = 3.0 and 2.4 for Nb and Ta-containing compounds, respectively) suggest that both samples have considerable amounts of point defects. Specific Heat Capacity: The isobaric specific heat c p (T) of the TM 7 Fe 3 B 8 compounds is shown in Fig. 8 . The strongly bonded light boron atoms in these structures lead to high-frequency optical phonon modes. Therefore, the specific heat at room temperature is still well below the Dulong-Petit limit, i.e. c p ≤ 3nN A k B (n = number of atoms in the formula unit, N A = Avogadro constant, k B = Boltzmann constant). There are clear second-order anomalies at the weak ferromagnetic ordering transitions. The anomaly for the Ta compound is smaller than that for the Nb homologue. Interestingly, c p (T) of Ta 7 Fe 3 B 8 is well above that of the Nb compound at temperatures below ≈ 140 K, which may be expected from lower-lying phonon modes of the TM species (Ta has almost twice the atomic mass of Nb). The inset to Fig. 8 (Table 4) . Magnetic hyperfine splitting is present at 4.3 K (Fig. 9) with a hyperfine field H hf less than one third of the value for pure α-Fe. The small line width (G/2) (Table 4) indicates the contribution of only one iron species in accordance with the crystal structure. The hyperfine splitting at 4.3 K confirms bulk nature of the magnetic order and suggests that all Fe nuclei experience similar hyperfine fields. 59 ( Fig. 11 ).
While the ELI-D distribution in the penultimate shell of boron atoms has a spherical shape as expected for a p element, the penultimate shells of niobium and iron atoms show strong inhomogeneity being the fingerprint of the participation of these electrons in the bonding interactions in the valence region. 60, 72 In the valence region around B1 atoms reveal five 
Conclusions
In this study, two new ternary borides TM 7 Fe 3 B 8 (TM = Nb, Ta) with Kagome-type iron sublattices were synthesized by arcmelting of the elements and subsequent annealing at 1500 °C. 
